In recent years, the multichannel Kondo model, first introduced by Nozierès and Blandin [1] , has been the focus of intense activity. This model involves a single local moment of spin S I antiferromagnetically coupled to M identical conduction bands in an N s -site system, as described by the Hamiltonian,
where c † kσα creates a conduction electron of (radial) wave vector k, spin σ =↑, ↓ and channel index α running from 1, .., M; the coupling J > 0 is antiferromagnetic. It is now established [2, 3] that in the "overcompensated" regime, 2S I < M, the screening of the local moment by the conduction electrons drives the metal into a non-Fermi liquid critical state at T = 0, fully validating Nozières and Blandin's original arguments.
The renewed interest in this model is, in part, due to a number of suggestions for realizations of two-channel overcompensated behavior in explicit experimental contexts, most notably: (i) the quadrupolar Kondo effect [4] in heavy fermion alloys [5] ; (ii) non-Fermi liquid scattering rates in narrow copper point-contacts [6] ; (iii) "marginal" Fermi liquid normal state properties [7] of the high-T c materials [4, 8] . Moreover, it has been argued that the two-channel Kondo model provides a link to exotic superconductivity [3, 4, 8] . Related non-Fermi liquid behavior and enhanced pairing correlations have been recently found in the mixed-valence regime at low temperatures in certain extended Anderson single-impurity models motivated by the electronic structure of the high-T c materials [9] .
From a theoretical point of view, remarkable progress has been made in understanding the universal properties of the multi-channel Kondo and other impurity models through the use of conformal field theory techniques [3] . This approach provides a clear picture of the separation of spin, channel, and charge excitations at non-Fermi liquid fixed points and describes the subtle recombination of these degrees of freedom required in the Fermi liquid case. In spite of its elegance and power this method only classifies the possible critical behaviors without providing a constructive route to the solution of a particular model.
In this letter we formulate a controlled calculation method which can, in principle, in-corporate both the complications of real materials and the conceptual insights gained from conformal field theory. Apart from the obvious practical application to dilute impurity systems, this question is important in studying the possibility for non-Fermi liquid behavior in lattice systems, for which the conformal field theory techniques are not immediately
applicable. An explicit route for addressing the latter problem, which appears particularly promising, involves constructing mean-field theories for the lattice by solving single-impurity models embedded in a self-consistent medium [10] .
Below we concentrate on the SU(N) × SU(M) generalization of the multichannel Kondo
Hamiltonian of Eq. (1), where N and M are the degeneracies in the spin and flavor quantum numbers, respectively. We use a functional integral approach based on the "slave-Boson"
representation [11] which explicitly separates the (local) spin and flavor excitations. The limit N, M → ∞ with γ = M/N fixed leads to a closed set of coupled self-consistent integral equations which can be solved analytically in the asymptotic low-frequency, zero temperature limit. These are identical to the "Non-Crossing Approximation"(NCA) equations of perturbation theory [11] . Although these equations break down for sufficiently low energies in the Fermi liquid (single channel) case [12] , it is the unique feature of our large N, M treatment of the multi-channel Kondo problem that the NCA becomes exact.
In fact, we show that the single electron Green function, and the local spin and flavor susceptibilities display non-Fermi liquid behavior with leading critical exponents identical to those found in the conformal field theory solution [3] for all N, M ≥ 2. We explain this apparently surprising result by demonstrating that the fluctuations provide no corrections to the leading exponents obtained from NCA to all orders in 1/N, 1/M [13] . Our calculation is an explicit realization of the "spin-charge separation" idea emphasized by Anderson in his theory of the high-T c materials based on the single-band Hubbard model [14] . Ultimately, we hope that the considerations presented here will be useful in treating lattice Fermion systems with non-Fermi liquid ground states.
Our starting point is a path integral treatment of the generalized infinite U Anderson model Hamiltonian,
The most compact way of presenting our arguments is in terms of the impurity contribution to the partition function, Z imp , obtained after performing a Gaussian integral over the conduction electron fields. (The latter contribute an overall multiplicative factor, Z c , of the free-electron gas partition function to the full partition function, Z = Z c Z imp .) By completing squares, the hybridization term is eliminated in favor of a spin-flavor interac-
, where
/N s is the non-interacting conduction electron Green function at the impurity site; and, as usual, in order to obtain a nontrivial large N, M limit, we have defined a rescaled hybridization matrix element,Ṽ = √ NV , which should be considered of order unity at the end of the calculation. The next step is to introduce two composite fields, non-local in imaginary time,
, which decouple the interaction term, S int , enabling us to write,
The effective action,S, is then given bỹ
Finally, the large N, M calculation proceeds as usual by carrying out the Gaussian integral over the local Fermions and Bosons, f σ and bᾱ, to produce an effective action for the composite fields, Φ f σ,bᾱ ; this is then evaluated by a saddle point integration [15] . (Hereafter we drop the bar on the channel index,ᾱ.)
In the N, M = ∞ limit with γ = M/N fixed the saddle point approximation becomes exact and leads to time translationally invariant solutions, Φ f,b (τ − τ ′ ). After
Fourier transforming in terms of Fermionic and Bosonic imaginary frequencies, ω n , ν n , the saddle point equations can be written as
. This defines the self energies, Σ f and Π b , which, on the real frequency axis (iω n = ω + i0 + , iν n = ω + i0 + ), satisfy the self-consistent equations,
Here,Γ = πρṼ 2 is the bare hybridization width (which includes a factor of N introduced by the rescaling), and ρ is the conduction electron density of states, assumed constant in the energy range of interest. In principle, the functions Σ f and Π b elsewhere in the complex plane can be obtained by the appropriate analytic continuation. Also note that in Eq. (5) the λ → ∞ limit has already been taken, and that, due to the invariance under SU(N)×SU(M)
rotations the spin and flavor indices have dropped out.
In the low-frequency, low-temperature limit, Equations (5) can be easily solved either by direct substitution or by reducing them to differential equations as done for the single channel case by Müller-Hartmann [12] . The relevant analysis can be found in a number of places in the literature [11, 12] , and will not be repeated here.
The saddle-point solutions for Φ f and Φ b can be written in terms of the reduced frequency
, where E 0 is the ground state energy and
is the Kondo scale. The calculation is most easily done for negative frequencies, ω < E 0 , and the appropriate analytic continuation extends the results to ω > 0. At T → 0 the resulting spin Fermion and flavor Boson spectral functions,
In the process of calculating physical quantities we will also need the spectral function for occupied states
Close to the threshold at E 0 , these quantities take the form
Here, W ch = πT 0 /Γ is the weight of channel fluctuations in the ground state, and the constant,Z is related to the degeneracy of the impurity ground state per local degree of freedom (i.e., divided by N(1 + γ)) [12] . Also, note the explicit breaking of particle-hole symmetry displayed by the positive (A Single Electron Green Function: The local electron Green function, G σ,α , can be calculated as a convolution of the spin and flavor propagators, leading to a local spectral function,
case, M ≥ N, the leading frequency dependence is the same as that obtained by Affleck and
Ludwig from conformal field theory [3] .
Resistivity: From the single-particle Green function we can obtain the resistivity from the standard transport theory formula, ρ(T ) ∼ [ dǫ(
−∂f ∂ǫ
)τ (ǫ, T )] −1 , in terms of the scattering rate, τ αµ (ω, T )
(1)
, where we have used the relation between the conduction electron t-matrix and the single-electron
Green function, t
..] is in agreement with that obtained by Affleck and Ludwig [3] .
In particular, for the special case of N = M, ∆ sp = ∆ ch = 1/2, we obtain a √ T correction as does the conformal approach [3] . Estimating the coefficient α requires a knowledge of the temperature dependence of ρ αµ which is beyond the scope of the present paper. It is gratifying that for N = 2 the magnitude of the spin contribution to the rate, 
Note that for N = M (which includes the important case N = M = 2) both susceptibilities reduce to the general formχ 
